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[57] ABSTRACT 
A variable area sound track is scanned laterally to de 
rive width-rnodulated pulses which can be demodulated 
to audio. In order to eliminate the effect of noise on the 
clear area of the track, each pulse is initiated by a black 
to-clear transition sensed in the scanning but is not ter- ’ 
minated until it is certain that the clear-to-black transi 
tion has been reached, e. g. at reference instants of time. 

_5 Claims, 10 Drawing Figures 

3,5 ‘ 401’ "35 
0/77? 4 5/57/1515 4 0/756. 

RESET 

7’ 
44, our/>07 

51mm? f0. -9 
5o 









U.S. Patent Sep. 16, 1980 Sheet 4 of6 4,223,188 

A SCAN .B SCAN 
F165 

2 . In 4/ ilk 

7 Lr 2 H 

4/ / Ink |— 

-0 . 

rt 
M .l/_ rCt R MA E N 

7 N L D 
{0, u mw M N? Nun E5 P M5 T [5 0N WM mm ?c HKV Hm. mm 5W P0 M% 38 RP ?cwS 

\/ \/ 

\D W ‘W W /e\ mu 







4,223,188 
1 

SCANNING SYSTEM FOR REPRODUCTION OF 
OPTICAL SOUND TRACKS WITH CLEAR AREA 

NOISE DISCRIMINATOR DELAY MEANS 

This is a continuation-in-part of application Ser. No. 
603,671, ?led Aug. 11, 1975, now abandoned. 
The present invention relates to the reproduction of 

variable area optical sound tracks. Conventionally, such 
tracks are scanned using a narrow slit of light and a 
photoelectric cell to generate a signal corresponding to 
the width-modulation of the variable area track. By 
magnetic recording standards, the signal to noise ratio 
of optical sound tracks is poor. Thus considerable prob 
lems lie in the way of extending the optical technique to 
multi-channel reproduction. 
US. Pat. No. 2,347,084 describes a system in which 

the track is repeatedly scanned across its width with a 
very small scanning spot. A photoelectrically generated 
signal is then essentially a two-level signal whose dura 
tion corresponds to the width of the track. By integrat 
ing this signal with a suitable time-constant, it ‘may be 
converted into an amplitude-varying audio signal. This 
known system goes some way to dealing with the prob 
lem of noise on variable area tracks, which usually takes 
the form of dark spots (dust, ?akes due to ?lm abrasion) 
on the clear area of the track or other variations in 
density of this area. The black areas ?anking the track 
are comparatively noise-free. By limiting the two-level 
signal before it is integrated or otherwise demodulated, 
much noise is eliminated but some dark spots on the 
clear area will still introduce noise. 
One object of this invention is to provide an im 

proved system which effects an even better rejection of 
noise. Another object is to provide a system which is 
especially suited to reproduce dual-bilateral tracks with 
reduced noise. It is a further object to effect multi-chan 
nel reproduction with reduced noise. 
The present invention employs a scanning system for 

reproducing a variable area optical sound track, com» 
prising scanning means arranged to scan repeatedly 
across the width of the track to provide a two-level ?rst 
electrical signal, which may be limited, in known way. 
The invention provides for the derivation of a second 
two-level signal from the ?rst signal. The second elec 
trical signal is set from a ?rst level to a second level by 
a transition in the ?rst signal occurring as the scanning 
means scan from a black area to a clear area of the track. 
In one practice of the invention the second signal is 
reset from the second level to the ?rst level at reference 
instants independent of the ?rst signal. For example, 
reference pulses synchronised to the scanning means 
can be used to effect the reset to the ?rst level. 

Since the second signal is set to the second level at a 
black-to-clear transition and the black area is much 
more noise-free than the clear area, the leading edge of 
the pulse at the second level is accurately timed in rela 
tion to the edge of the track. 0n the other hand, the 
reset to the ?rst level is independent of the ?rst signal. 
Noise in the clear area is thus completely ignored. With 
simple bilateral tracks the reset may be accomplished at 
the end of the scan. Although the symmetrically modu 
lated ?rst signal is converted by this procedure to a 
unilaterally modulated signal, this does not affect the 
recoverability of the modulating information. There is 
in fact a DC offset introduced by the procedure by a 
DC offset is readily removed by‘the use of AC cou 
pling. 
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With dual-bilateral tracks, in which there are two 
black-to-clear transitions per scan, the reset can be ac 
complished by reference pulses synchronised to the 
scanning means. With such dual-bilateral tracks, which 
are most often used, the reference pulses can be re 
garded as corresponding to the scanning of hypotheti 
cal reference lines at the edge of and between the two 
bilateral tracks and parallel to the length of the track. 
The second level pulses have a duration representing 

the track width from a black-to-clear edge to the next 
hypothetical reference line. As explained below, steps 
may be taken to ensure that these lines are positioned in 
predetermined locations, for instance exactly at the 
edge and down the centre of the track. Variation in 
position of the reference line may result in waveform 
distortion due to clipping of highly modulated signals. 
The variation in depth of modulation of the amplitude 
varying audio signal may be derived in known manner 
from the second signal by known techniques for demod 
ulating width-modulated pulses, of which integration is 
the best known example. i 

In order to reproduce multi-channel tracks, it is nec 
essary only to use timing gates to select the channel 
signals from the appropriate tracks. 

In an alternative practice of the invention the reset of 
the second signal is dependent on the ?rst signal but is 
effected only when the ?rst signal has reverted to the 
black state and has stayed continuously in that state for 
a predetermined start time of the order of l to 5% of the 
time taken to scan across the track. The second signal 
will not be reset by black spots in the clear area which 
do not cause the ?rst signal to remain in the black state 
for as long as the predetermined time. 
For convenience reference has been made to black 

and clear areas. There is some interest in sound tracks in 
which the “black” or opaque areas are actually co 
loured. This does not affect the applicability of the 

- inventive scanning system. 
Although, for simplicity, some described embodi 

ments of the invention use ?ying spot scanning, it will 
be appreciated that this method is not essential. As is 
well known, scanning may either be on the illuminating 
side with full aperture photoelectric pick-up, as is the 
case using a ?ying spot scanner, or may be on the pick 
up side with full aperture illumination, as is the case for 
example when using a Vidicon scanner. In addition, 
there are many known techniques, electronic and non 
electronic, for generating the scanning movement, in 
cluding mechanical-optical techniques such as those 
using rotating or oscillating prisms or mirrors or Nip 
kow discs. Systems of this nature may be preferred to 
the described use of a ?ying spot scanner because of the 
dif?culty of obtaining adequate spot brightness at the 
high resolution required. It is also possible to scan on 
the input side with a laser beam de?ected, say, by a 
piezo-electric de?ector. 
The invention will be described in more detail, by 

way of example, with reference to the accompanying 
drawings, in which : 
FIG. 1 is a schematic diagram of a basic scanning 

system; 
‘ FIG. 2 illustrates a bilateral sound track; 
FIG. 3 illustrates waveforms for one way of scanning 

the sound track; 
FIG. 4 is a block diagram of a ?rst embodiment of the 

invention operating in accordance with FIG. 3; 
FIG. 4A is a block diagram of a modi?cation of FIG. 

4; 
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FIG. 5 illustrates waveforms for another way of scan 
ning the sound track; 
FIG. 6 illustrates a dual-bilateral stereo sound track; 
FIG. 7 illustrates waveforms for scanning the dual 

track; 
FIG. 8 is a block diagram of part of an embodiment of 

the invention for use with a dual track; and 
FIG. 9 illustrates a modi?ed scanning system. 
FIG. 1 shows a scanning system in which a CRT 

?ying-spot scanner 10 is subjected to X-de?ection only 
under the control of a sweep circuit 12 synchronised to 
a timing pulse generator 14. The required scanning 
frequency is several times the highest audio frequency 
handled—e.g. it may be in the range 30 kHz-100 kHz. 
The time taken to effect one scan across the track will 
be of the order of 10 its. An image of the ?ying spot is 
focused on the sound track 16 of a ?lm 18 by a lens 20 
to form a transverse scan, the ?lm being fed longitudi 
nally in conventional manner. Light passing through 
the sound track falls on a photoelectric cell 22 whose 
output at terminal 24 constitutes the aforementioned 
?rst signal. ‘ 

FIG. 2 illustrates a mono bilateral sound track 26 
with the line 28 of the scanning spot marked there 
across. The two edges of the track are labelled 1 and 2 
where they are traversed by the scanning line 28. 

Referring to FIG. 3, if the sweep waveform (a) ap 
plied to the ?ying-spot scanner is a sawtooth waveform, 
(with blanking on ?yback), the photoelectric cell output 
will be as shown at (b) with the points 1 and 2 marked 
in correspondence with FIG. 2 and with ?uctuations 
illustrated to represent the noise on the clear part of the 
track. Although small ?uctuations can be removed in 
conventional manner by limiting the PEC output, a 
large ?uctuation X, or drop out, caused by a black 
speck (also labelled X in FIG. 2) on the ?lm, will remain 
after limiting. The timing generator 14 can also generate 
timing reference pulses (0), FIG. 3, which are assumed 
in this example to coincide with the scanning of a hypo 
thetical reference line 30, down the edge of the track 26 
in FIG. 2. A second signal (d), FIG. 3, consists of pulses 
which commence with the black-to-clear transitions 1 
of the ?rst signal (b) and terminate with the reference 
pulses (0), whereby all modulation to the right of the 
transition 1 is ignored or blanked out, including any 
drop-out X, the clear-to-black transition 2 and the black 
area thereafter. The pulses (d) will have a duration, 
representing the track width but which duration is en 
tirely unin?uenced by the ?uctuations in signal (b). The 
width-modulated information of the signal (d) can be 
converted by integration to amplitude-modulated infor 
mation which can be envelope-detected in conventional 
manner. 

FIG. 4 illustrates an embodiment of the invention 
operating in accordance with FIG. 3. The signal (b) 
from terminal 24 is applied through an input ampli?er 
32 and an optional linearity circuit 34 to a low-pass ?lter 
36. The circuit 34 has any desired frequency response 
characteristic, e.g. a gamma correction characteristic 
and can correct for non-linearity of the cell 22 and/or 
the ?lm 18 to minimize noise and distortion. The design 
of circuits with non-linear frequency response charac 
teristics has long been standard technology in audio 
systems. The ?lter 36 attenuates spurious low-level, 
high-frequency noise due to grain, dust and abrasion. 
The ?lter has a cut-off frequency of several hundred 
kHz and may be linear or non-linear in action. The 
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4 
output from the ?lter 36 may be applied to a limiter 35 
for the known purpose already mentioned. 
The output from the limiter 35 may be applied di 

rectly to a differentiator 38, but it is preferred to include 
further circuitry which deals with possible noise in the 
black area. Although there may be virtually no black 
area noise in a virgin ?lm, this will no longer be the case 
in a worn ?lm, and a white scratch in the black area 
could appear erroneously to be the edge 1. For this 
reason, the output of the limiter 35 is applied to a delay 
circuit 37 with a very short delay, the outputs of the 
circuit 37 and of the ?lter 36 are applied to an AND 
gate 39 and the output of the gate 39 is applied to the 
differentiator 38. The output of the gate 39 will not go 
true (logic level) until the scanning spot has moved off 
the edge 1 (FIG. 2) and stayed on clear ?lm for the 
predetermined delay time which is in the region of l to 
5% of the total scan time, i.e. something less than 1 as. 
In the case of a white ?eck in the black area, when the 
output of the delay circuit 37 goes true, the output of 
the ?lter 36 will have reverted to false and the output of 
the gate 39 will remain false. 
The pulses from the differentiator 38 at transitions 1 

of FIG. 3 (b) set a bistable circuit 40 which acts as a 
blanking circuit. The circuit is re-set at the end of the 
scanning line by the reference pulses (0) provided from 
the timing generator 14 via a conventional pulse shaper 
44 which provides sharp, precisely timed resetting 
pulses for the circuit 40. The bistable circuit 40 provides 
the second signal, FIG. 3 (d), and this is applied to an 
integrator 46 or other suitable pulse-width demodula 
tor. Each pulse causes the output of the integrator to 
rise to an extent dependent upon the time of integration. 
i.e. upon the pulse width, and the width-modulated 
information is thus converted to amplitude-modulated 
information, in a manner well known per se. The de 
modulated signal is corrected for slit-loss by a conven 
tional equalizer 48 having a frequency response charac 
teristic with a high-frequency boost and the output 
signal at terminal 50 is available for audio reproduction. 

FIG. 4A illustrates a modi?cation in which the bista 
ble circuit 40 is not reset from timing pulses. Instead 
another differentiator 41 provides reset pulses in re 
sponse to clear-to-black scanned edges. In order to 
detect such edges and ignore black ?ecks on the clear 
area, the outputs from the limiter 35 and delay circuit 37 
are applied to another AND gate 43 via inverters 45 and 
the output of the AND gate 43, which drives the differ 
entiator 41, will go false when the scanning spot has 
moved on to the black edge 2 (FIG. 2) and been on 
black for the delay time of circuit 37. 

FIG. 5 illustrates the alternative use of a symmetrical 
triangular scanning waveform (a) to scan in alternate 
directions across the sound track so that both edges 1 
and 2 are utilized. Waveform (b) is the ?rst signal (PEC 
output) while waveform (c) is waveform (b) differenti 
ated. The bistable circuit 40 is assumed to respond only 
to positive pulses and is, therefore, set by the pulses 
shown at (d). The reference pulses (e) are now taken to 
occur at the start of each scan and, as in FIG. 4, are 
applied from the generator 14 direct to the reset input of 
the bistable circuit 40. 
FIG. 6 is similar to FIG. 2 but shows a dual-bilateral 

track layout in which the two halves are separately 
modulated to form a two-channel stereo sound track 58 
with left and right tracks 60 and 62. The scanning line 
now crosses edges 1, 2, 3 and 4. FIG. 7 shows how these 
may be scanned using a sawtooth sweep (a). The PEC 
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‘output appearsa-s at (b). Left,,and,.-right. channel gate 
signals (c),and (d) canhbe generated, insynchroriisrn with . 
the scanning waveform and used to gate 'o'ut‘l'eft and " 
right channel outputs (e) and (f)‘1frorn ‘ the“ signal (b). 
Each of the signals (d) and"(e)"can' now be dealt with as 
already described using the circuitry of FIG. 4, dupli 
cated for the two channels. 
The system of FIG. 7 can be extended analogously to 

FIG. 5 and, if the two directions of scan are denoted A 
and B as in FIG. 5, it is possible to gate out separately ~ 
the left channel A scan signal, the left channel B scan 
signal, the right channel A scan signal and the right 
channel B scan signal. As will be seen, such separate 
treatment is advantageous for mono dual~bilateral 
tracks. The circuits required are illustrated in FIG. 8 as 
four gates 64 fed by four cyclically interleaved gating 
waveforms provided by a gating generator 66 synchro 
nised to the timing generator 14. The generator pro 
duces enabling waveforms for the gates 64 as follows: 
LEFT GATE A SCAN—-FIRST HALF OF EACH 
A SCAN 

LEFT GATE B SCAN-SECOND HALF OF 
EACH B SCAN 

RIGHT GATE A SCAN-SECOND HALF OF 
EACH A SCAN 

RIGHT GATE B SCAN-FIRST HALF OF 
EACH B SCAN 

The resulting four ?rst signals selected by the gates 64 
are applied to separate logic circuits and demodulators 
68, each of which consists essentially of elements 38, 40 
and 46 of FIG. 4. Elements 37 and 39 can also be in 
cluded in each circuit 68 or can follow the ?lter 36 to 
serve all circuits 68. Each circuit 68 is supplied on a line 
70 with the appropriate reference pulse for reset of its 
bistable-The timings required for the reference pulses 
for the circuits 68 are as follows: 
LEFT A SCAN-—HALFWAY POINT OF SCAN 

(61 FIG. 6) . ' 
LEFT B SCAN-LEFT END OF SCAN (31 FIG. 

6) 
RIGHT A SCAN-RIGHT END OF SCAN (30 
FIG. 6)’ 

RIGHT B SCAN-HALFWAY POINT OF SCAN 
(61 FIG. 6). 

For mono dual-bilateral tracks, the circuits 68 pro 
vide four redundant signals and these can be applied to 
a majority circuit 72 which utilizes known techniques to 
average like signals and leave out of the averaging any 
signal which does not conform substantially to the other 
three. The output from the circuit 72 feeds the output 
terminal 50 via the equalizer 48. The circuit 72 can 
consist, for example, of a first summing circuit fed with 
all four signals and a second summing circuit fed selec 
tively with the four signals via four gates, the output of 
the second summing circuit being connected to the 
terminal 50 through the equalizer 48. Each gate is con 
trolled by a corresponding comparator which opens the 
gate when the corresponding one of the four signals 
does not differ from the output of the ?rst summing 
circuit by more than a predetermined tolerance. 

If the track is a stereo dual-lateral track, then the 
majority selection technique above cannot be used, 
since there are effectively only two recordings of each 
channel. However, the two signals can then be aver 
aged, with some circuit simpli?cation. The gating for‘ 
each channel can be accomplished by a single gate; 
similarly one logic and demodulator circuit is used per 
channel. The left channel gate is opened in the ?rst half 
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feeds the left channel circuit 68. The right channel gate 
.is opened in the ?rst half of each B scan and the second 
half of each A scan and feeds the right channel circuit 

FIG. 9 illustrates a mechanical scanning system utiliz 
ing a segmented disc which may be photographically 
prepared, for example. The disc 74, driven by a motor 
76, has a segmented edge 78 which may have approxi 
mately equal clear and opaque areas and is thus much 
easier to make than a disc with an array of fine scanning 
holes or slots. The edge 78 is illuminated by a lamp (not 
shown) and the image thereof is focused on the track 16 
by the lens 20 and ?xed slit 21. The edge 78 of each 
segmentation (of which these may be of the order of 
several hundred) now moves across the width of the 
track. Such movement progressively blocks the light on 
photocell 22 providing a sawtooth output therefrom. 
By differentiating the output of the photocell 22 in a 
differentiator 80, the signal at terminal 24 can be made 
equivalent to that provided by scanning holes, instead 
of scanning edges. 
What is claimed is: 
1. A scanning system for reproducing at least one 

variable area optical sound track, comprising scanning 
means arranged to scan repeatedly across the width of 
said at least one variable area sound track to provide a 
two-level ?rst electrical signal, bistable circuitry for 
providing at least one second electrical signal, means 
responsive to said ?rst signal for setting the bistable 
circuitry, thereby to set the second signal from a ?rst 
level to a second level, by a transition in the ?rst signal 
occurring as the scanning means scan from an opaque 
area to a clear area of said at least one variable area 
sound track, means for resetting the bistable circuitry, 
thereby to reset the second signal from the second level 
to the ?rst level, at reference instants independently of 
the ?rst signal, and delay means operative to delay 
setting of the bistable circuitry until a transition in the 
?rst signal occurring as the scanning means scan from 
an opaque area to a clear area of said at least one vari 
able area sound track is followed by maintenance of the 
?rst signal at a level corresponding to a clear area of 
said at least one variable area sound track for a predeter 
mined length of time established by the delay means. 

2. A scanning system according to claim 1, wherein 
the means for resetting the bistable circuitry are respon 
sive to reference pulses synchronised to the scanning 
means. 

3. A scanning system according to claim 2, for use 
with a bilateral sound track, wherein the scanning 
means are arranged to scan in alternate directions across 
the track with the same speed for both directions, the 
means for setting the bistable circuitry is responsive to 
each transition in the ?rst signal occurring as the scan 
ning means scan from an opaque area to a clear area of 
the track and following each such transition the bistable 
circuitry is reset by the resetting means in accordance 
with reference pulses symmetrically timed in relation to 
the scanning such that the durations of second levels of 
the second signal arising from scanning opposite edges 
of the sound track are substantially the same. 

4. A scanning system according to claim 1, wherein 
the scanning means comprise means for illuminating the 
track, means for repeatedly sweeping obturating edges 
across the path of illumination, photoelectric means 
responsive to the light passed by the track to provide an 
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electric signal, and means for differentiating the last- cu“ for prodwing a sgcqnd ekctrica] signal and 
said signal to provide said ?rst signal. . . . -. , 

5. A scanning system according to claim 1, for use sald delay means ls operative m delay the s-etlmg of 
with a single variable area sound track wherein said bistabl? ?il'culi- v 

said bistable circuitry comprises a single bistable cir- 5 * i‘ "P * * 
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